Abstract: The aim of this study was to identify the factors which can affect the efficacy of corticosteroid (CORT) therapy in the management of hemolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome.
INTRODUCTION
H emolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome is a potentially lethal consequence of gestational hypertension. Pathological dynamics of the syndrome, that is, microangiopathic hemolytic anemia, liver dysfunction, and thrombocytopenia are not easier to understand at the earliest and therefore diagnosis is often late. [1] [2] [3] [4] Three main options for the management of HELLP syndrome are as follows: immediate delivery at 34 weeks' gestation or later; delivery within 48 hours after evaluation and stabilization of the maternal clinical condition and corticosteroid (CORT) treatment during 27 to 34 weeks of gestation; and conservative management for more than 48 to 72 hours in pregnant women before 27 weeks' gestation. 5 Use of CORT in the management of HELLP syndrome is frequent. Data generated in the past 2 decades suggest that the CORT treatment to HELLP patients is associated with improvements in biological markers including platelet count, serum aspartate aminotransaminase (AST), alanine transaminase (ALT), and lactic dehydrogenase (LDH) levels, without affecting overall morbidity and mortality. 6, 7 It is important to know which factors can affect the efficacy of CORT in improving HELLP syndrome markers to identify subgroups of patients that can be benefitted with CORT treatment. We therefore carried out a systematic review and metaregression analysis to identify the factors affecting the efficacy of CORT therapy by using data generated in the studies, which evaluated the efficacy of CORT therapy in HELLP patients.
Literature Search
Several electronic databases including EMBASE, Google Scholar, Ovid SP, PubMed/Medline, and ASI Web of Science were searched for original research articles published before July 2015. The Medical Subject Headings and keywords specific to this research, including hemolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome, corticosteroid therapy, dexamethasone, betamethasone, prednisolone, peripartum, antepartum, postpartum, lactic dehydrogenase (LDH), aspartate aminotransaminase (AST), and alanine transaminase (ALT), were used in logical combinations and phrases. Search strategy is described in the supplementary information file (http://links.lww.com/MD/A855). Additional methods of search included the scrolling of cross-references of important research articles and exploration of the software corroborations.
Data Extraction, Synthesis, and Analyses
Information regarding the endpoints and outcomes, dosage and mode of CORT administration, and clinical, obstetric, perinatal, and demographic characteristics were obtained from identified research articles and organized in Microsoft Excel datasheets. For estimation of the efficacy of CORT therapy, changes from baseline in disease indicators were extracted from respective research reports or calculated from raw data, if not provided. For studies which did not provide standard deviation values of the changes from baseline, these were imputed by using formulae that yield calculate the nearest approximate estimates. 9 Metaregression analyses were carried out with Stata software (version 12; College Station, TX). Restricted maximum likelihood method was used for the metaregression analyses.
Between-study variance was tested with tau 2 and the percentage of between-study heterogeneity was assessed with I 2 index. For the identification of the predictors and prognostic factors of the efficacy of CORT therapy, the analyses were carried out systematically by testing each of the dependent variables (changes from baseline in the platelet count, AST, ALT, and LDH, change in urinary output, intensive care duration, and the incidence of cesarean deliveries) against several independent variables including the number of patients in a study, CORT total dose, mother's age, nulliparity, gestation week at the time of CORT treatment, baseline platelet count, baseline mean blood pressure, baseline urinary output, baseline AST levels, baseline ALT levels, and baseline LDH levels. A P value of less than 0.1 was considered to show a significant relationship.
For the assessment of publication bias, Begg funnel plot and Egger precision plot were studied, and trim and filled method was applied to estimate missing number of studies.
RESULTS
Twenty-two studies, which overall recruited 778 CORT-treated patients, were used for the analyses (Figure 1 ). Of the included studies, 10 were randomized controlled trials (RCTs), 1 nonrandomized prospective study, and 11 were retrospective analyses. Significant publication bias was observed with the Egger and Begg methods of assessment (Figure 2A and B). The CORT was administered during antepartum period in 9 studies, during postpartum period in 8 studies, and during peripartum period in 5 studies.
Age of the patients as mean AE SD (range) was 26.12 AE 2.64 (23.2 AE 6 to 33.5 AE 4) years. Gestation age at the time of randomization or CORT treatment was 31.6 AE 2.22 (range 27 AE 1-35.1 AE 2.9) weeks. Of these patients, 41.6 AE 31.4% women were nulliparous. Total dose administered to these patients ranged from 30 to 150 mg, with an average of 60.8 AE 45.5 mg (12 studies data). Incidence of cesarean deliveries in CORT-treated HELLP syndrome patients was 68.9 AE 19.4% (range 33.3%-100%).
Important findings of the meta-analysis are presented in Tables 2 and 3 , and the results of all systematic metaregression analyses are given in supplementary information file (Tables S1-S7 , http://links.lww.com/MD/A855). Corticosteroid treatment to HELLP syndrome patients was associated with significant improvements in the changes from baseline in platelet count, serum levels of AST, ALT, and LDH, mean blood pressure, and urinary output ( Figure 3 , Table 2 , and Figures S1-S5, http://links.lww.com/MD/A855). Change in platelet count from baseline had a significant inverse relationship with baseline platelet count ( Figure 4 , Table 3 ). Thus, lower baseline platelet count and lower baseline LDH levels were predicting higher level change in platelet count from the CORT therapy. However, there was also an inverse relationship between baseline LDH levels and the change in platelet count after CORT therapy. Thus, lower baseline LDH levels were predicting higher change in platelet count.
Lower baseline platelet count and lower baseline urinary output also predicted higher changes in LDH levels after CORT therapy as a significant inverse relationship was observed between the changes from baseline in LDH levels and the baseline platelet count or urinary output (Table 3) . There was also an inverse relationship between the change from baseline in LDH levels and intensive care duration.
Total CORT dose had significantly positive association with the changes from baseline in AST, ALT, and LDH levels. Thus, higher CORT doses were associated with more declines in these enzyme levels ( Table 3) .
Incidence of cesarean delivery was inversely associated with the gestation age ( Figure 5 ). The intensive care stay duration was positively associated with the percentage of nulliparous women and the percentage of HELLP syndrome patients with comorbidities (Table 3) . None of the other independent variables were significantly associated with the incidence of cesarean delivery (Tables S1-S7, 
DISCUSSION
This pooled analysis, followed by the metaregression analyses, has found that the CORT treatment to HELLP syndrome patients significantly improves platelet count; AST, ALT, and LDH levels; and urinary output. Changes in platelet count and LDH levels after CORT therapy were more robust in patients with lower baseline platelet count, and these outcomes were also associated with lesser intensive care duration. However, intensive care duration was also positively associated with nulliparity. Cesarean delivery rate was negatively associated with gestation age.
Class 1 HELLP syndrome is associated with relatively higher maternal mortality and poor prognosis in delayed diagnosis cases. 32 A statistically significant negative association between the change from baseline in platelet count and the baseline platelet count, and also baseline LDH levels observed in the present study suggests that CORT treatment can be more efficacious in patients with lower platelet count and thus CORT therapy to class 1 patients can be more beneficial. In a RCT also, a faster platelet recovery was found in the class 1 subgroup of HELLP patients after CORT therapy.
11 After analyzing HELLP class 1 patients' data retrospectively, Vigil-De Gracia 29 also suggested high-dose CORT therapy for class 1 HELLP syndrome patients.
In the present analysis, we have found that the incidence of cesarean deliveries was inversely associated with the gestation week, and intensive care duration was positively associated with the percentage of nulliparous women in the CORT-treated HELLP syndrome patients. Neither any of the baseline biological marker nor change in the biological markers after CORT therapy was significantly associated with cesarean delivery rate. Recently, Katz et al, 33 after analyzing 500 women with severe preeclampsia, have observed that whereas uncontrolled hypertension was a risk factor for cesarean section, there was no association between cesarean section and HELLP syndrome. Haddad et al, 34 in a retrospective analysis of 183 HELLP syndrome cases, have found that except for the need for blood products transfusion, onset of HELLP syndrome at or less than 28 weeks' gestation was not associated with an increased risk of adverse maternal or neonatal outcomes when they compared these cases with severe preeclampsia patients without the HELLP syndrome at a similar gestational age.
Haddad et al, 35 in the same 183 HELLP syndrome cases, found that women with nadir platelet counts <50,000 cells/mL were at increased risk for adverse maternal outcomes in comparison with those with nadir platelet counts between 50,000 and 100,000 cells/mL. However, their logistic regression analyses could not identify significant associations between the nadir values of platelet count of <50,000/mL, serum AST level of >150 U/L, or serum LDH level of >1400 IU/L and maternal adverse outcome. There was also no significant association between laboratory markers and the adverse outcomes in a study of 44 HELLP syndrome patients. 36 The present study also could not find any significant relationship between baseline platelet count, AST, ALT, or LDH, and the incidence of comorbidities in CORT-treated HELLP syndrome patients. Intensive care duration was negatively associated with gestation week and positively associated with nulliparity and percent patients having comorbidities in HELLP patients, but not with the severity of biological markers per se.
Some of the limitations of the present study may have compromised the overall outcomes to some extent. Firstly, studies with varying designs are included because no particular design could make available sufficient data. Secondly, clinical and methodological heterogeneity of the sample population in the form of factors such as the severity of HELLP syndrome, time of CORT administration, and dosage and duration of CORT administration in recruited patients may have impact on overall outcomes. Another factor to compromise the precision of the outcomes may be the handling of missing data. Statistical procedures used to impute measures of dispersal may also have slight impact as some study reports lacked such data.
CONCLUSIONS
Corticosteroid administration to HELLP syndrome patients provides benefits in improving disease markers. Changes in platelet count and LDH levels after CORT therapy are found to be negatively associated with baseline platelet count, and also with intensive care duration in CORT-treated HELLP syndrome patients. Intensive care duration was, however, positively associated with nulliparity and percentage of patients with comorbidities. Incidence of cesarean delivery was negatively associated with gestation age, but not with any of the biological markers or their changes after CORT therapy. These results favor the use of high-dose CORT therapy to HELLP syndrome patients with greater reductions in platelet count.
